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| \Thia report presents the results of a controlled flight test
program to Iinvestigate possible improvements in sonobuoy launch-
ing and retardation equipment for the purpcse of decreasing
errors in sonobuoy spacing.
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The P2V alrcraft standard sonobuoy launching equipment with
modifications by the Naval Air Development Center (NAVAIRDEVCEN)
to launch stores at various angles to the alrcraft horizontal
datum plane and orient the retardation means within the launch-
. ing tube was evaluated under actual flight condlitions to deter- i
: mine the effect on sonobuoy trajectory and plagement accuracy. <\ . S
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SUMMARY AND CONCLUSIONS
INTRODUCTION

TED Project No. ADC AV-340Sk, satablished by reference (a), cequested
the Naval Air Development Center (NAVAIRDEVCEN) to investigate possible
improvements to sonobuoy launchers and retardation means to decrease
errors in soncbuoy spacing. Also, an investigation was requested of pos-
sible distance measuring devices (DME) to measurs the actual soncbuoy
spacing on the water. :

At NAVAIRDEVCEN, a study was made of the nature of the air flow in
the region of the sonobuoy ejection points on the P2V aircraft. Analysis
of the airloads acting on sonocbucys at launch indicated the optimum posi-
tion of the launching chutes to be between 30 and LO degrees from the
aircraft horizontal datum plane. This would permit the longitudinal axis
of the sonobuoy to be nearly parallel to the aircraft slipstream at ejec-
tion. Thus, the sonobuoy on ejection would not be subjected to an unbal-
anced moment which would produce a tumbling action and resultant incon-
sistent drop patterns.

Concurrently, the present soncbuoy retardation system was investigated.

SUMMARY OF RESULTS

The effsct of the sonobuoy launch attitude on the placement accuracy
was found to be of little significance for the four launcher tilt angles
evaluated.

However, the influence of orlentation of the rotochute blades in the:
launching chutes produced much wider variations in the values of their
standard deviations. The standard deviations are shown in table VI,

The total asimuthal error was represented by the angle formed by the
reported aircraft course and a line through the impact locations made by
each pair of soncbuoys on the ground. The values of the standard devia-
tione for this error were L, 5, 5.5, and 7.8 degrees for the respective
launcher attitudes of 90, 70, LS, and 30 degrees.

There is evidence of erratic rotochute blade acceleration and even of
momentary decelsration after launching and during descent. The design
and materials semployed in the rotochute bearings are probably at fault,
there being visual evidence of high friction loads and possibly of selsing.
The opening action of the rotochute blades is erratic and is influenced
by blade orlentation in the launcher chute, particularly in the 70-degree
attitude. The use of four bladed rotochutes imposes a requirement for
restriction of blade orientation. The use of a greater number of blades
could relieve this vequirement. Design effort has been initiated on im-
proved rotochute blade systems to incorporate the lessons learned and also
to provide additional space for electronics and other equipment such as
IME,
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CONCLUSIONS
Analyses of the results of the flight test program indicated that:

l. None of the four asonobuoy launcher angles svaluated was significantly
superior to any of the others with respect to placement accuracy.

2, The orisntation of the rotochute blades with respect to the line of
flight at the 45-degree white and the 70-degres blue position provided
the lowsst values, for the four angles tested, in the standard deviations
of the spacing distance.

3. It is extremely important that the rotochute blades of both sonobuoys
in a palr be rotated to the same orientation when the sonobuoy ie placed
in the launching chute.

L. The present soncbuoy firing apparatus and circuitry permits variable
delays in the launching cycle. '

5. The present soncbuoy rotochute and bearing design is far from optimum.

6. There has been inadequate dimensional and design control over launch-
ing equipment and sonobuoys. This cenclusion is based on a study of de-
tall and assembly drawings of the launchers which does not appear in this
report. The uniformity of launcher assemblies could be improved by the
establishment of gaging dimensions and tolerances for these assemblies
and component subassamblies. '

While international limltations on length and maximum dlameter of
sonobuoys are useful, precise ballistics require more stringent controls
which cannot be obtained from the usual sonobuoy performance specifica-
tions. Lack of Navy-wide standards sestablishing identical sonobuoy ex-
ternal conflgurations, rotochute design, mass distribution, etc., will
add ballistic variations to the deviatione shown herein for identical

dummy sonobuoys.
RECOMMENDATIONS
On the basis of the foregoing, it is recommended that:

1. Further study be made to incorporate the advantages of specific com-
binations of launch angle and blade orlantation into a more efficient and
positive sonobuoy launching system,

2., A study be made of the probable value of a means affording simultan-
eous rotochute blade opening.

3. Fleet activities be advised of the necessity, as an interim measure,
to rotate each sonobuoy carsfully, upon insertion in the launching chute,
so that the end of one of the blades, and not the bumper or springplate,
rests upon the stores-ejector foot. When this is done the sonobuoy rests

- i1 -
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about one-half inch lower in the launching tube and uniféfh blade orien-
tation is assured. This procedure is the only means that can presently
be employed to insure satisfactory operation where spacing 1= critical.

L. The present aircraft electrical sonobuoy firing circuitry be modified
to eliminate all component time delays.

5. A system be established for continuous review of all proposed changes
in sonobuoy retardation, configuration, mass distribution, and propossd
modifications to the aircraft launching aystems to evaluate the effect of
each upon the other bsfore final approval.

6. The bearing in the sonobucy retardation system be improved and con-
sideration be given to modifications which will yleld more uniform tra-

Jectories.
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BACKGROUND

Unreliable opsration of the standard P2V aircraft sonobuoy launching
system during exercises employing certain tactlcs requiring accurate
spcing were reported in reference (b). Departures of 1kl feet from an
intended spacing of 35Q.feet and divergencies up to 20 degrees in angular
baseline orientation were observed. The causes for these errors were
attributed to the angle at which the sonobuoy entered the air stream from
the airplane and to inconsistencies in the period ¢f sjJector actuation
time.

In reference (c), marked improvements were reported in the spacing
accuracy bstween sonobuoys ejected from a temporary installation of two
launchers inclined at 45 degrees to the horizontal datum in a P2V air-
plane. This letter included the recommendstion that additional tests of
a L5-degree installation be performed to obtain sufficlent data to deter-
mine the suitability of such launchers for installation in all P2V ajir-
craft that accommodate sonobuoys whose spacing is critical.

It was decided tc conduct a serles of controlled flight tests over
land to evaluate the effects of various launching angles and of the ori-~
entation of the rotochute blades in the launching chute on the sonobuoy
placement accuracy. The accuracy was to be determined with respect to a
prescribed course and spacing betwesn sonobuoys consecutively launched
in pairs.

Experimental sonobuoy launching equipment with two tubes and the
capability of varying the launch angle from 90 to 30 degrees with respect
to the alrplane horizontal datum plane was designed and installed in the
P2V-5 airplane, BuNo 131403, by the NAVAIRDEVCEN. This installation is '
shown in figure 1. ' .

EQUIPMENT AND INSTRUMENTATION

From January 7 through March 3, 1960, several series of tests were
made on Drop Mat No. L at the Naval Air Station, Lakehurst, New Jersey,
, to determine the accuracy of spacing betwsen sonobuoys of a pair and their
! ' 0 angular placement accuracy when they were dropped from chutes tilted at
j . - various angles with respect tc the horizontal datum, the sonobuoys having
R ; been initially rotated in the chutes at various specific orientations to
‘ ' the relative wind.

v On Mat No. U, a grid was laid out in 200-foot squares covering an area
% 2800 by 2800 fmet, circumscribed by a graded arsa LOOO feet in diameter.

£ The grid was oriented to magnetic north (figure 2). Conspicuocus coded

E markers were arranged sach day at selected locatlons with respect to the
@' . desired direction of the flight course. The markers were sc keyed that

g its location, bearing, and speed of the airplane could be determined by

i comparing photographs taken from the airplane.,

R
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The sonobudys were dropped from P2V-5 airplane, BuNo 131403. To
measure intervals accurately, all drops were made over land, with four
sonobuoys (two in the case of the 30-degree chute) being dropped in se-
quence, two from the 70-degree chute and two from either the L5~ or 90-
degres chutes. The resulting scnobuoy impact spacings and bearings of
the various pairs were measured. Data were collected from a total of 472
dropped sonobucys during 1Ll flight runs.

Rune wers made at various courses, mostly intc the wind. Since the
wind direction varied somewhat during the day, data became available at
various crosswind angles. All flights were made at 150 knots nominal
indicated airspeed (IAS) and 500 foot altitude, except for one day when
a 200~knot airspeed and 1000-foot altitude were used. Speed and altitude
were corrected with refsrence to the ground in the data reduction process.

The test was made to determine the effect on the placement acecuracy
of various launch chute angles, various blade orlencations, efficlency of
launching equipment, and at the same time to study and make recommenda- ‘
tions on rotochute performance.

Changes were made in the components of the soncbuoy launching system
to improve its accuracy. A study of the electrical firing circuitry
showed several releys that could produce time variations of 4O millisec~
onds in the launching cycle due to the normal variation within standard
tolerances. The local modification of the circultry is Indicated in

figure 3.

i Some of the selector switches or relays are the normally oper type . ,
’ and have varlable time delays in closing. To eliminate this possibility,
' a normally closed type rotary relay, G. H. Leland, Incorporated, No.
C=-83L41, was interposed in the circuit betwesn the intervalcneter and the
ejector solenolds.

The intervalometer normally used in the P2V aircraft was the Navy i
type K-2, This unit was not reliable in operation at intervals less than
2 seconds between pulses. The requirement for a desired spacing of 350
feet at 150 knots was 1.38 seconds interval. The latest model interval-
ometer, Ordnance Release TD-239/A, serial 332, was ured in all tests.

. The latest available ASW pneumatic astore ejactors, Model 709L.l, were
procursd and were used in all launching chutes.

Certain Fleet operations require that sonobuoys be dropped in sequences L

of two with a definite spacing and a known bearing. In order to establish b
a reference bass, the sonobuoy launching chutes wers arranged in pairs with o
two chutes inclined at 70 degrees and two chutes inclined at L5 degrees

. , (or 90 degrees) for comparison. Howsver, in the case of the 30-degree
chutes, space and structural limitations precluded simultaneous use with
the 70-degree chutes as a reference. Except as necessary to install
supports and instrumentation, the Lockhesd chutes themselves were not ‘
otherwise medified. See figure 4 for launching chute eonfiguration and !
table I for the position of the several ejectors. '

-2 - ,
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TABLE I
. EJEGTOR POSITIONS
Pneumatic Ejector Launching Chute Angles at which Launchers
Serial No. Location No. were Positioned (deg)
oL70 b 70 and 30
o458 2 70 and 30
oL6s 3 LS and 90
0459 L 45 and 90

The pneumatic system powering the ejectors was not altered. However,
a pressure of 3000 psig was maintained in the air reservoir and reduced
to 1000 psig for use in tha ejectors. (See figure 5.) Although the
limits used by the Fleet may be as low as 750 psig, the higher pressure
will insure better and more uniform sonobucy ejection,

In order to simulate the AN/SSQ-28(XN-1) sonobuoy in configuration
and mass distribution, wooden dummies were made as shown in figure 6.

The dummies were painted fire orange with a one inch black stripe
along their length. In order to facilitate accurate blade orientation of
sonobuoys which are installed in the chutes in an inverted attitude,
stripes oriented with the blade positioning lug were painted on the oppo-
site end of the dummy sonobuoy. The purpose of the stripes was to facil-
itate analysis of the photographs. (See figure 7.)

RECORDING METHODS

High apeed photography was employed to determine the functional opera-
tion of the rotochuts, such as timing and sequence of blade openings,
attitude and rotational speed. Other cameras were smployed to determine
the speed and altitude of the ailrcraft and the motions of the sonobuoy
during descent. Its trajectory and velocity could be monitored throughout
the deecent.

The flight track of the aircraft was recorded by a series of serial
photographs made by a K-17 mapping camera installed in the fuselage of the
aircraft looking down over the grid, (See figure 8.) These same photo-
graphs weres used to check aircraft grcund speed and the sise and varistion
of navigational errors,

A Traid No. 200 camers was installed on the bottom of the fuselage aft
of the radar dome (figure 9). This afforded high aspeed motion pictures
(approximately 200 frames per second) of the ejection of the soncbuoys.
When the intervalometer impulse reached the first ejector solenoid, the
camera would hegin operation. A thermal relay was installed in the camera
circuit to allow the camera to operate for approximately 8 seconds, Both

A < o 8

1
i




NADC-AW=-6103

thls camera and the Navy K«17 mapping camera were sdparately connected
into the firing circuit of the first sonobuoy launchling chute.

A tripod-mounted Trald camera was placed on the ground approximstely
800 feet from and at right angles tc the requested flight path of the air-
craft. This camera could pan in azimuth and elevation to follow thes tra-
Jectory of the soncbuoy frecm emergsence to ground impact., This parmitted
the attitude of a selected sonobuoy in a pattern to be monitored through-
out descent and permitted measuring the rotochute blade rpm during the
latter portion of the drop. F.lm speed was about 120 frames per second,.

A tripod-mounted K-~17 mapplng camera was also placed on the ground
next to the Trald No. 200, At an exposure interval of approximately 0.7
second rer frame, the photographs supplied a check upon the speed and
altitude of the alrcraft and also the trajectory and rate of descant of
the sonobuoy. Thus, four cameras altogather were used.

The veiocity and direction of the wind was determined at the site ad-
jecent to the ground camera location by means of the AN/PMQ-3 Wind Meas~
uring Set.

A vecording oscillograph. CEC type 5-11L4 (figure 10) was installed in
the aircraft to record the followlng data:

1. Time of pickle to intervaliometer

2. Time of impulse to ejector solenold

3. Air pressurs in ejectcr cylinder throughout entire stroke
L. Air pressure in reservoir

5. Time of shutter opening in aircraft K-17 camera

6. Time of start of sonobucy movement in chute

7. Time that soncbuocy was ejected from chute,

By the use of this especlally designed instrumentation, all timing of
the functional operation of the ejectors, the speed of ejectlion, air pres~
sures and other desirable intelligence was acquired and recorded. From
this, the de¢termination could be made between the functional, launching,
and navigational errurs fcr evaluation.

Photocells, "Clairex" Model Cl-2, wsre installed in the launching
chutes to indicate passage of the sonobuoy. The photocellr were inserted
at the foot of the ejector Just below the edge of the sonobuoy, sc that
the passage of the sonobuoy would break and remake the photocell circuit,
affording an index as to the relative spseds of ejection.

The sonobuoys were dropped on ths grid and the distances of each im-
pact point from the two nearest grii markers were measured. The intarvals
between each pair of sonobuoy impact points were also measured. These
messurements were checked later by calculations and accurale layouts.
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SONOBUOY PLACEMENT ACCURACY

Accurate sonobuoy placement is dependent upon two factors. The first
is the ability of the launching system to position a pair of sonohbuoys at
& prescribed spacing distance in the water. The second 1z the knowledge
of the azimuthal orientation of the two sonobuoys. For these tests, the
sonodbuoy placement accuracy is a function of the variance in the spacing
between the impact points at & prescribed distance of 350 feet in the
water and of the error in their angular orlentation. In normal opera~
tions the aircraft crew would:

1, Fly at a known bearing and at IAS to produce the required ground
speed, corrected for altitude, temperature, wind bearing, and veiccity.

2., Set the intervalometer at the aircraft speed and the desired spacing.

With the exception of these two points, the placement accuracy is not
controllable by the crew. No test was made in advance to determine the
average intervalometer error under actual flight conditions. Bench tests
had indf{cated that the intervalometer used in the tests met the spescifica-
tion requirements.

In the flight tests, it was essential that the aircraft fly on a pre-
scxribed course to permit accurate analysis of error resulting from vari-
ation in the trajectories of the sonobuoys and in the spesd and altitude
of the aircraft. Once on a course at a given speed, the aircraft was
committed and no in-flight adjustment could then be tolerated. Naviga-
tional errors, howsver, were taken Into account in determining the accu-
racy of a drop pattern and did not penalize the launching system.

Thus, it was necessary to correct the upacing bstwsen the impact
points for flight speed and intervalometer error. The sonobucy spacing
error with respect to a desired spacing of 350 feot was determined for
flight B-1 from table II as follows:

D = Final correctad distance between drops
= Desired alrcraft ground speed (150 knotas)

Dy = Actual messured dlstance betwsan impact pointaéaf sonobucys
(338 foot) ’

= Actual aircraft ground speed, cslculated from the IAS, alti-
tude, temperature, wind veleccity and bearing (153 knots)

T = Actuel time of interval in milliseconds (1373)

T = Calrulated interval between pulses in millisecends (1381.5)

bt e k3 2 e e e e e e
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Therefore, .

D = I, x|-5 x T

-338153 -%%5-338::0981::1007-33& fest. |

Thiy is L feet less than the 338 feset actually measured, leaving an
unaccountable error (trajectory error) of L feet. The error from an
operational standpoint would be 350 feet ~ 334 feet = 16 feet.

Thus, the spacing errors due to controllable and measurable factors
are adjusted in the calculatlons tc achieve a corrected spacing distance
"D" between impact points.

Errors in spacing and agimuth fall into°three clesses: functional,
navigationel and trajectory. The functional error includes delays in the
electrical and mechanlcal components of the complete launching system.
The navigational error results from inaccuracy in reporting and recording
of alrcraft speed and bearing. The trajectory error iz that which ovccurs
after soncbuoy ejection and is the result of the direction and magnitude
of the wind currents plus any anamalous performance of the sonobuoy roto-
chutes and their bearings.

FUNCTIONAL ERRORS

The functional errors are comprised of the intervalometer and the
ejector errors, both items being susceptible of variations in operating

time.
With the intervalometer used, it was necessary only to set it for

ground speed and sonobuoy spacing. At the test setting required, 350
feet and 150 knots, the time between pulses should be:

Time in seconds = 0 feet spac x 3600 seconds
ots x eel per nautical mile

Time in seconds = 1,3815

A study of the schematic wiring diagram designed for this test (fig-
ure 3) shows that no time lag is introduced between the pulses of the
intervalometier and the ejector solenoid. Thus, varlations in actual time
lapses are inherent in the intervalometer itself. These are itemized in

table II.

SUMMATION OF INTERVALOMETER ERRORS

Desired time between pulses : 1381.5 ma
Average tims between pulses 1368 ms
Standard deviation about average time L.6 ms
Standard deviation about desired time 15.4 ms
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TABLE II
TABUIATION OF TIMES BETWEEN INTERVALOMETER HULSES

Time gmlz Eggbor of Observations
135 1
1348 1
1352 1
1357 1
1360 3
1361 1
1362 10
1363 2l
136L 38
1365 32
1366 32
1367 21
1368 16
1369 26
1370 17
1371 13
1372 8
1373 3
1374 1
1375 h
1376 b
1377 2
1378 1
1380 L
1389 1

At 150 knots the aircraft speed is 253 feet per second, so the aver-
age error due to the intervalometer time lag of 13.5 millisoconds would
be 3.42 feet. Compensation for tho intervalometer error was included in
the final calculations.

The ejector error 1s the variation in delay time from the instant the
pulse arrives at the ejector solenoid until the sonobucy is ejected fram
ths launching chute. This error comprisez four inherent variable errors
for which no individual compensation can be made. Thess are summarisged
in table III and are defined below.

1, Variations in time between pulse and solsnoid opsration.

. 24 Variitionu in time betwesn operation of solenoid and full air pressure

on ejector piston,

3. Variations in time between pulse and photocoll indicatlion of soncbuoy
movement in chuta,

|
#
!
i
‘




NADCG~AW=0103

! L. Variations in time required for the passage of the soncbucy through o
the photocell beam.

TABLE III
EJECTION ERROR VARIABLES

Time (ms)
High ~Low  Average
1. Pulse to solenold cperation 9 i 643
, 2. Solenoid operation to full air pressure Ll 13 25.5 ‘
; 3. Pulse to interruption of photocell beam 50 ) k2.5 - §
L. Peried of photocell interruption 149 129 138, o

Total time from pulse to sonobucy sjection 199 160 1.80.8

A portion of the oscillographic record for flight B-2 is shown in
figure 11. This illustrates the points at which the above values wers
obtained from the solenoid, photocell and airpressurs traces. This 1s
the record from chute position 1 at the 70-degree attitude.

From table III, the average time requirad to ejsct a sonobuocy wae
180.8 milliseconds. Comparison of the marufacturer's ejection time data,
marked on each ejector, with the above average is given in table IV.

TABLE IV

COMPARISON OF MANUFACTURER'S AND AVERAGE EJECTION TIMES

Manufacturer's Ejection Aversge Ejection Difference

Time on Ejector Time - All Tests from Average
‘ (ms (ms) (ms)
; ~ 19L.8 180.8 1k.0
5 C 206.0 180.8 25.2
207.2 180.8 26,4

|
207.0 . 180,8 : 26,2 o
i
1

The error produced by the variation in ejection times would bs the
time difference between the averags sjection, 180.0 miiliseconds, and the
actual ejection time for any one operation. From table III it is obvious
that a wide variation in the periocd of ejection 1is possible. For example,

‘ compare two chutes, the first having the minimum er low time of 160 milli-
seconds, while the second chute has the maximum or high time value of 199
milliseconds. This is a total difference of 39 milliseconds and weuld P
produce an error of 9,9 feet in spacing at an aircraft spesd of 150 knets. .

-~
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Summation of Ejector Errors

It was not possible to install a light source and photocell combina-
tion in launcher No. 2 because of structural intsrference. Thus sjector
time variations could not be measured for any of the spacings from the
70~degree launching angle. The most comprehensive record of the ejectors
operaticnal periods was obtained from the L5-degres launchings. These
valuss wers used in determining the effect of the variations of ejector
times on the spacing distance between sonobuoys. From a net sample of 42
observations of the differences in the recorded times of paired ejectors
the average error was determined to be 1.85 feet. While it cammot be
arbitrarlily stated that those unmeasured sjector itime variations would be
of the same magnitude, the figure of 1.85 feet appears tc be & reasonable
assumption., '

NAVIGATIONAL ERRORS

Under this heading are included all the errors due to navigation.
These camprise the differenca between the intervalometer ground speed
getting and the actual speed, and the difference between the recorded
alreraft track and its actual track across the test drop grid. Such er-
rors may be linear or angular.

The ground speed of the aircraft can be controlled by the flight crew.
If the actual ground speed is different from the intervalometer setting,
a linear navigational errcr will result. As an sxample, if the interval-
ometer were set for 150 knots ground speed and the airoraft were flown at
151 knots, the srror for a 350 foot spacing would be:

(350 x %%%) - 350 = 2.34 feet or C.57 percent

The values of angular error have been derived by plotting the various
alrcraft tracks againet the sonobucy impact points on the grid pattern of
the test site. The angular navigation error is the difference between the
course reported by the crew and the actual aircraft track as determined
from the photographs taken by the aircraft mapping camera.

The total angular error for all pairs of sonobuoys is composed of two
parts, navigational and trajectory. These are listed in tabls V, Under
this heading that portion chargeable to navigation only will by considered.
Thie error has two effects on placement accuracy. The first is the amount
of change in the apacing distance. Since the average value of this angle
in table V is only 3.5 degrees, the projected effect on a required spacing
of 350 feet would be only 0.65 foot. The second, is a first order effect
on target location intelligencs, which though serious, is not sppropriate
for inclusion in this report.

A e e e L .
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TABLE V
TOTAL ANGULAR ERRORS AVERAGED FROM ALL FLIGHTS

Standard Deviation
from Zero Degress (deg)

3.5 L.5

Average (deg)

Navigational Error
Reported flight track to
photc flight traok

Trajectory Error L 5.5
Photo flight track to
impact points track

Total Error 5 6.5
Reported flight track to
impact points track

TRAJECTORY ERROR

The sonobuoy trajectory error includes all those errors that ocecur
during the sonobuoy's free flight between the time of ejecilon from the
airplane and the time of impact on the ground, which have not been ac-
counted for as functional and navigational errors. The trajectory error
aiso produces linear and angular effects on sonobuoy placement accuracy
similar to those imposed by the navigatlonal error.

The trajectory linear effect is the difference between the spacing of
the points of ejection of the sonobuoy from the airplane and the spacing
measured between the sonobuoy impact points on the ground. Attention is
directed to the fact that the following calculations for the spacing
values include the effect of the two ejectors and two trajsctories.

The spacing of the sonobuoy ejection points from the aircraft was cal-
culated from the oscillograph record of the specific opsrational time

period between the intervalometer pulses and the times required by each
ejactor to release its sonobuoy multiplied by the respective ground. speed

of the airplane,

The deteimination of the linear effect of the trajectory error for
flight 2E ie shown in figure 12 and the following calculation.

T(L) = Trajectory linear effect on spacing in feet
D(m) = Actual measursd spacing between impact points in feet
v = Actual aircraft ground speed in fest/millisecond

I = Actual interval between pulses in milliseconds

- 10 -
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Ey = EJection time lst ejector in milliseconds
Ep = Ejection time 2nd ejector in milliaecondu
(1) = D(m) ~ V(L £ (Ep - By))
V = 157 knots = 157 x g.ggg = 0,265 feet/millisecond
T(p) = 336 - 0.265 [1375 + (170 - 16L)]
= 336 - 366
= =30 feet

The averags total linear effect on the spacing accuracy from a total
of 194 obaervations was 20 feet with a standard deviation of t15 feet,

The trajectory angular error 1s indicated by the angle betwsen the
alrcraft photographic track and the line through the impact points of a
palr of sonobuoys projected on the test gride The average value of this
angle fram all of the flights made, shown in table V, is four degrees,
Its effect then 1s only slightly greater than that attributed to the nav-

igational angular error.

As the values of the navigational and trajectory angular errors are
obtained from the analyses of photographic data, the {otal angular error
is indicated by the angle between the reported aircraft track and the line
through the impact points of a pair of sonobuoys. The average value of
the total srror from table V im 5 degrees. The projected linear error for
a desired spacing of 350 feet would be only 1.3 feet for an angle of this

sisge.

The separate effects of the thres types of error on sonobucy spacing
accuracy, indicated by the average .values from the Lakehurst flight tests,

are summarized as follows:
Functional

Intervalometer srror 3.4
Stores ejector error 1.8

Navigationul

Aircraft speed, error per knot 2.35 £t
Angular error 3.5 deg
Linear projection of angular error 0.65 £t

gggqoctogz

Angular error 4
Linear projection of angular error 1
0

Linear error 20,

w 1] -
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For any pair of sonobuvys, the total angular error cocmprises the.
algebralc sum of the airplane's navigational error and the angular tra-
Jectory error of the sonobucy., This relationship does not remain trte if
the average values for a series of flights are used.

The following information is supplied to show the degree of accuracy
of the data sources. The variocus aircraft tracks wers obtained by plot-
ting the center of the photographs taken by the airplune's type K-17
mapplng camera on a scaled drawing of the grid patterm. The camera mount
was fixed to the alrframe and ro correction was made for the natural fre-
quency roll of the alreraft. Since the P2V airplane rolls approximately
12 degrees at a rate of 3 to 6 cycles per minute and the time of flight
across the grld was between 10 and 12 seconds, one set of photographs
(10 to 12 frames) would be included betwseen 1/2 to 1 full roll cycle.

A check on the pressure transducers inatalled in each ejector was
made with a dead weight testing fixture. All were found to be accurate
within a tolerance of 5 percent.

The accuracy of the oscillograph used to record all time, preassure,
and electronic indications, was determined to be 99.2 percent by means of
an electronic counter.

A summary of the results of the flight test program is shown in table
VII. A review of the spacing data is repeated here for analysis. These
observations include those flights made at 200-knots airspeed and 1000~
feet altitude.

Col. 1 2 3 N 5 6
Chut Average Actual Standard  Average Standard
ingle _ Number of Meagured Deviation Corrected Deviation
(dg ?- Observations Spacings (Actual) Spacing (Corrected)

o (£4) (£8) (£%) (£t)
30 33 334.8 28.0 335.3 2k
70 93 351,2 22,2 34 .8 -2l
90 32 366.5 25,0 353.6 25

Under column 3 are listed the average values obtained from actual
measurements on the ground of the spacings between the impact points of
the number of palrs in column 2. In column 5 are the corresponding cor-
rected spacing values adjusted for ground speed, altitude, and functional
errors with their respective standard deviations. The variance of three
feet between the maximum and minimum values of the standard deviations of
the spacing from the four angles tested suggests that none of the launch
angles is superior to another. Therefors, the sonocbuoy aircraft launching
angle has little significant influence on the placement accuracy.

The eff'ect of the orientation cf the sonobuoy rotochute blades in the
launching chute does indicate that the results from some are definitely

" it b et e
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superior to others, For each angle of chute inclination tests wers made
with the rotovane blades inserted with certain relationships to the direc-
tion of aircraft heading. The orientations were identified by the colors
white, pink, red, and blue representing 22,5 degree rotation intervals as
ghown in figure 13. The values of the standard deviations of the varicus
spacings are presented in table VI,

TABLE VI
STANDARD DEVIATIONS OF THE VARIOUS SPACINGS
Launching Actual Standard Standard

Chute blade No, of pMggsured Devia- Corrected pgyig-
Angle Orien- Obger- Spacing “tion Sﬁfcing tion ORDER

(deg) tation vations (£t) (£4) £¢) (£1)

us White 2k 350.5 - 22,2 346.5 16.3 1
70 Blue 17 301.0 11.9 353.0 16,8 2
70 Red 22 341.5 22 .4 337.5 18.7 3
30 Red 17 333.8 19.4 333.3. 19.6 N
90 White 16 359.9 24h.6 347.6 23.8 4
90 Red 16 370.0 23.4 357.0 24,0 6
70 White 2l 351.2 22.8 347.7 26.0 7
30 White 16 335.9 25,2 337.5 27.0 8
70 Pink 20 349.7 25,3 338.6 29.0 9
4s Red 23 341.0° 34.2 338.0 34.0 10

It can be seen that the two smallest values of standard deviation
were obtained with the use of the L5-degres chute and white blade orlen-
tation and the 70-degree chute with the blue orientation. This is the
basis for recommendation No. 3 on page ii. Sonobuoys oriented in the
nanner described therein will have their rotochute blades automatically
positioned between white and blue but much closer to the blue than to the

white.

The entire range of the standard deviations of the spacings is in-
cluded between the white and red poaitions of the L45-degree launch angle,
with the lowest value of 16.3 feet for the white and the greatest of 3l

feet for the red.
It will be readily apparent that the orientation that ylelds the

.lowest value of standard deviation is best. It should be emphasised here

that while both sonobuoys in each pair dropped during the test had lden-
tical blade orientations, the Fleet has never operated with this sdvan-
tage. In order to show fully the handicap imposed on present cperations,
it is necessary to refer here to table VII. There it will be ssen that
ths average time for full blade opening for 7O-degres red, for example,

is only 153 milliseconds while the average time for 70-degree whits is 100
milliseconds longer. No actual determinations were made during the tests
of the actual lengths of the trajectories for each oriemtation of blades;
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yet they did vary greatly, generally as a function of blade opening time
with the longer trajectories being characteristic of slow openings. Thus
the difference in trajectory length for a 100 millisecond slower opening
might approach 20 to 25 feet, in addition to the applicable standard devi-
ations, It would appear, therefore, that it may not be at all uncommon
for spacings to fall below 300 feet or to exceed LOO feet with randem
blade orientations.

Therefore, it can be concluded that sonobuoy rotochute blade orienta-
Yion at launch doss have a distinct influence on placement accuracy and
that steps should be tsken at the earliest possible date to remove this

variable.

OBSERVATIONS ON SONOBUOY TRAJECTORY

Trajectory observations suggest many conclusions, some may be factually
proven, some may be inferentially proven, while others are by inference

only.
SONOBUOY CHUTE ANGLE AND BLADE ORIENTATION

1. It is shown that the angle of the launching chute (figure 5) has no
significant effect on placement accuracy.

2. Provisions for setting identical orientations of the rotochute blades
in all launchers will afford improvement in the linear spacing of sono-
buoy impacts. '

3. Furthermore, positive gains are indicated with the use of certain
angles of eJection in combination with certain blade orientations as shown
by the corrected values in table VII.

Thus the best combinations shown in the tests were:

LE-degree chute white orientation - standard deviation 16.3 feet
70-degree chute blue orientation - standard deviation 16.8 feet
70-degree chute red orientation - standard deviation 18.7 feet

. However, the use of random blade orientations in any one run could
produce large errors in sonobuoy spacing.

5. From table VIII, it may be noted that certain combinations of launch-

ing chute angle and rotochute blade orientation produce wide variations ]
in the three angular errors. By coincidence, with the combination of the !
70-degree angle and pink orientation, the arithmetic sum of the naviga- |
tional and trajectory errors is exactly equal to ths total -error of 2

degrees 37 minutes. All other combinations show a psrtly compensating

influence that reduces the value for thn average total angular error.

-1l -
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TABLE VIITI

AVERAGE ANGULAR ERROR CORRELATION
FOR IAUNCH ANGLE AND ROTOCHUTE ORIENTATION

Launching Rotochute Trajectory error Navigation error Total error

Chute Blade from photo track reported track reported track
Angle Orien- to impact track and photo track to impact track
(deg) tation (deg~min) (deg-min) (deg-min)
70 Red " 6.6 L4-56 6-32

70 White 3-52 2-3lL 3-h1

70 Blue 3=40 240 2-0

70 Pink 1-15 1-22 2-37

L5 Red 3-Lk 5-6 747

L5 White h~22 2-11 . 5-4

90 Red 3~26 2.51 2-17

90 White 3-50 1«10 L=40

In table VII, the time between sonobuoy ejection and full rotochute
blade opening is compared wilth the resultant errors for all combinations
of launch angle and rotochute orientation. There does not appear to be
any correlation of these combinations with the tlme rate of full blade
opening that could indicate any definitive effect on the values for place-
ment accuracy. However, the combination of the 70-degree angle and blue
orientation presents the best results with a standard deviation of 16.80
feet on the linear error and a total angular error of 2 degrees-L40 minutes
with a below average blade opening time of 165 milliseconds.

* DISCUSSION OF THE TRAJECTORY

The action of the sonobuoy during the first half second after ejec-
tion determines largely whether or not a good drop pattern is obtained,
and primary study is Indicated hers.

In all dreps except those from the 90-degree angle, the rotochute end
of the sonobuoy during emergence inclines toward the center of the air-
craft and the blades start to rotate before the sonobuoy is completely
eJected. It 1s believed that the tendency of the sonobuoy to incline when
launched at lesser angles is due to faster opening of the blades and a
longer time spent by the blades in the aircraft slip stream whose flow is
toward the aircraft center line.

In the 50-degree launching position the sonobuoy is about half eilected
before the firat blade opens and the rest of the blades do not open until
they have passed through the slipsiream,




NADC-AW-6103

As the sonobuoys are ejected, they level off and their longitudinal
axes may remain parallel %o or point to the left or right of the longi-
tudinal axis of the ailrcraft. This attitude is a reflection of the timing
and rate of opening of the blades. Thus, if all blades open early, the
gsonobuoy will turn to the port side of the aircraft. Observations show
approximately 20 percent of all sonobuoys lsad to the left, 33 percent
parallel to the center and the remainder to the right of the aircraft hor-
izontal center line. Two cames were noted in which the longitudinal axis
of the sonobuoy turned at right angles to the longitudinal axis of the
alrplane. In these cases the time period batween sonobtuoy ejection and
impact was approximately 300 milliseconds less than that of the others.
Obviously, a shorter trajectory casn bs inferred.

As the sonobuoy emerges from the aireraft, certain ansmolies are ob-
serveds As the flrst blade opens the rotochute assembly begins to rotate
and appears to tilt with respect to the longitudinal axis of the sonobuoy.
The other blades open as their leading edges are in turn presented to the
slip stream. The rotcchute assemtly accelerates very rapidly as it nears
full opening to some intermedlate value, decelerates and speeds up again.
This action appears to occur with abrupt changes in attitude and rate of
gpin of the sonobuoy body and appears to cause variations in the rate of
descent. These factors and evidence of wear in the rotochute thrust bear-
ing inferentially prove that the bearing seizes the hub of the rotochute
cap wlth a consequently increased transfer of torque to increase the ro-
tational speed of the sonobucy body.

When most of its kinetic forward motion has been arrested, the sono-
buoy tends to assume more of a vertical attitude with a consequent reduc-
tlon in the speed of rotochute rotation due to the decreased work required
of the blades. However, the rpm of the sonobuoy itself does not abate.

ROTATION OF THE SONOBUOY IN LESCENT

In the descent of the sonobuoy there are four distinct movements, none
of which appears paramount. Mirst, as the sonobuoy drops, it oscillates
in pitch as its attitude changes from rotochute cap down to cap uppermost.
Second, the sonobucy cap and bottom revolve rapidly in circles a few
inches in diameter around an axis drawn through the center of gravity.
Third, the center of gravity point of the sonobuoy appears to rotate in
an approximate four foot circle while both ends describe their separate
ares. Fourth, the entire system travels downward in a sort of helical
pathe During descsnt, the rotational speed of the rotochute varies, and
the increase in rotational speed of the body cf the sonobucy is not uni-
form. The rate of descent also changes and the trajectory may be dia-
placed laterally. From the above it may be deduced that seising of the
rotochute on the hub of the soncbuoy occurs repeatedly during descent and
is responsible in part for the lateral action described.

A careful study of all sonobuoys dropped did not indicate that any
damage to the rotochute blades occurred during opening or descent. This
would tend to prove that the blades and bumpers were mechanically strong
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enough to wlthstand the impact of ocpening, at least under the test condi-
tiong, No blade showed any cracks, bending or twisting. However, thare

was indication of damayge to the rotochute bearings. The rotochute assem-
bly is as shown in figure 1k with details of bolt and washer "W" in fig-

ures 15 and 16. The depression "A" in the vasher fitted the bouss "B' on

the bolt, apparently for the purpose of allowing the washer to rotate on

this boss. Ths blade mount "C" under load, thrusts against this washer.

The bolt is staked into the cap "D" to prevent turning.

Thus when the blades of the rotochute had opened and wers in opera-
tion, the blade mount "C" would use the washer "W" as a thrust bearing,
the washer being held by the bolt head. Inspection after a drop some-
times showed that the depression "A" had increased in depth and also
showed evidence of rotation and galling from the bolt head. Markings on
the washer face "F" indicated that the washer under load had apparently
bent upward, causing rotatlon marks attributed to the hexagen corners of
the bolt head to be imposed on the surface "F", Observation also showed
considerable wear on surface "E'" of the washer caused by the rubbing of
the blade mount. It is evident that the washer did have irregular peri-
ods of rotation, sometimes none and probably not much at any time, being
seemingly held rather well by the bolt head. It is inferred from the
above that sufflcleat heat was generated as the blade mount rotated
against the washer to cause the two parts to seize momentarily. This
seizure would cause momentary rotation of the washer against the bolt
head and subsequent slowing of rotochute blades with the consequent rota~
tional acceleration of the sonobuoy. As the blades slowed, an increase
in the speed of descent of the sonobuoy would occur. This increased
speed of descent and thus greater torque on the blades would break the
"weld" of blade mount and washer, and permit the blades to accelerate and
reduce the speed of descent. The cycle would then be repeated. No con-
sistent sequence or timing of this cycle was observed. Examination of
the wushers also revealed that the greatest concentration of wear on the
bolt side (face F) and the greatest wear on the blade mount side (face E)
were dlametrically opposite. %8 could indlcate that the rotational
plane of the blade mount was not always normal to the longitudinel axis
of the sonobuoy. It can be inferred that the above may occur from any
combination of the following causes:

a. Normal wind tending to tilt sonobuoy during descent

b. Imbalance of blades

¢, Imbalance of rotochute assembly

d. Rocking dﬁe to yawing of the buoy or rotochute during descent
e. Poor bsaring - that is, 1f the gelling should occur once there

would be a tendency for it to recur at the same point, causing progres-
slve deterioration.
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In summary it was observed that during descent:

a&. The rpm of the rotochute varied, and some of the changes appeared
to be abrupt. '

b. The rpm of the éonobuoy increased by increments at various times.
¢. There was lateral displacement of the trajectory.
d. ' The speed of descent varied from L5 to 96 feet per second.

e. All of the above phenomena appsar to be random and irregular but
are probably directly related to each other.

Hence, it is deduced that repetitive seizing of the rotochute mount
and the scnobuoy hub occurs often and causes fluctuation in the rate of
descent.

Appendix A~l contains the campilation of all the basic data from the
flight tests conducted at NAS, Lakehurst, tables A-1 through A-13. In-
cluded are the corresponding values adjusted for all discrepancies from
the established test criteria.

Figures A-1 through A-15 illustrate the frequency distribution of all
of the spacings with respect to the angle of launch and sonobuoy orienta-
tion in the launching chute.
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FIGURE 1 - Installation of Experimental Launching Equipment in P2V-5F !
Aircraft Launching Chutes at 70 and L5 Degree Angles :
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FIGURE 9 - Fuselage Camera Installation (Fhoto CAD 75LL(L})
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